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[57] ABSTRACT 

An N-word write access memory is descri bed. Using a 
vari atioD of conventional control signab RAS, CAS, 
WE and 0£, an innovative scheme of signal protocol 
allows the N-bit .word write memory to have an input- 
/output bandwidth double that attained in the prior art, 
usmg substantially the same components and without 
afTecting the bit-width, hence, the pin-count, of the 
external data bus. 
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intemal re&esh address cx>uiiter 24 are necessary to 
N-WORD REAP/WRITE ACC ESS ACHIEVING maintain the memory content Refresh clock 23 and 
DOUBLE BANDWI DIH WITHOUT INCREASING internal refresh address counts 24 are not necessary in 
THE WIDTH OF EXTERNAL DATA I/O BUS organization involving static random access memory 

S (SRAM). However, the signaling scheme in both 
This ^plit^on is a continuation of application Ser. DRAMs and SRAMs, as weD as in other analogous 
No. 07/5(^7,685, filed Apr. 11, 1990, now. abandoned. technologies, are substantially the same. 

BACKGROUND OF THE TNVFNrrroM ^ conventional scheme, the bandwidth of data 

BACKGROUND OF THE INVE^^^ON input/output per cycle is the same as the bit-width of 

1. FIELD OF THE INVENTION 10 the external I/O bus. As noted above, because pin count 
The invention relates to the design of random access is directly related to production and packaging cost, the 

memory in electronic computers, and in particular, to limitation of bandwidth by the width of the external bus 
random access memory allowing read-only or read/- weighs heavily in the cost of production. Relaxation of 
write accesses applications. this limitation, i.e. increasing bandwidth without in- 

2. DESCRIPTION OF THE PRIOR ART 15 creasing the pin count, effectively increases production 
Designers of memory systems face the trade-^Sf be- and packaging efficiency. However, such improvement 

tween maximizing bandwidth and Tninimizing pin count must not come at the expense of space or power con- 
m the package. In general, high bandwidth can be sumption because circuit density, as these f^nors relate 
achieved by increasing the bit-width of the memory at to, is also a very important cost factor, as well as limita- 
the expense of larger pin count in the package. The 20 tions upon actual applications (e.g. chips for portable 
resulting package not only is more expensive, but re- devices are required to be both small in size as well as 
quires larger space on the circuit board. low in power consumption, since the device must be 

From the technical viewpoint, especially in main- ligjitweight, and must operate with low-output power 
frame and supercomputer applications, huge memory supplies). 

systems are essential in attaining hi^ perforxhance. In 25 Also, any improvement over the conventional 
order to achieve high bandwidth in these systems, pipe- scheme must not be restricted to a particular technol- 
lined or interleaved architecture is typicaUy deployed. ogy, or be required to be implemented only with certain 
As a result, these systems are implonented by large organization or paging schemes. Memory design is sel- 
number of chips, often in the tens of thousands. Space, dom an end in itself; therefore, a successful memory 
degradation of reliability, and power consumption are 30 chip must be amenable to use in any memory organiza- 
significant concerns. Hence, a memory system achiev- tion, and be compatible with signals from a wide variety 
ing higher bandwidth without increasing pin/package of CPU or peripheral devices, 
count is extremely valuable. ^^^.^.^^ ,^-„r^-wTr^^^-r 

FIG. 4 mustratesajjMventional scheme. tte.input OBJECTS OF THE INVENTION 

control signals are R AS( row address strobe), CAS (col- 35 It is an object of this invention to increase the band- 
umn address strobe), WE (write enable), and OE (output width of a memory system without increasing the bit- 
enable). The output signals are represented by a 4-bit width, pin count, space requirement or power consump- 
bus designated I/Oa-3. In this organization, the memory tion. 

is represented by the memory array 32 which is a It is a further object of this invention to provide an 
256x256x 4 array. 40 improved memory device suitable to be implemented in 

During the read cycle, the address is presented to the conventional memory technologies, e.g., DRAM, 
address buffer 2 6 in tw o installments, at the address line SRAM, etc., applicable in any density, organization, or 
A0-7. When the RAS signal goes from high to low, the paging scheme. 

first S bits, representing the row address, are selected by * . ^« .^.^ ^^t^^^^^, 

the multiplexw 27 tobe presented at the row addre^ 4S SUMMARY OF THE INVENTION 

decoder 28. Within the same cycle, after a predeter- . The foregoing and yet other objects not enumerated 
mined hold time, the column address is then presented are achieved in the present invention b y utilizing a sig- 
m 8 bits to the address buffer 26. When the CAS signal nal protocol involving control signals RAS, CAS. OE 
goes low, the column address is then latched into the and WE in a memory organization addressable by row 
column address decoder 30. After some suitable delay, SO and column addresses. In accordance with the signal 
the content of the memory location addressed is avail- scheme of the present invention, data is read from the 
able at the data 10 bus 29. The data 10 bus 29 feeds into memory array and output in two installments during a 
the data-out buffer 34. When the OE signal goes from single read cycle. Also according to the signal scheme 
high to low, it triggers the OE clock generator 22 to of the present invention, data is latched and written into 
trigger a latch signal to the data-out buffer 34, in order 5S the memory array in two installments during a single 
to latch in the contcnt.of the data Id bus 29. The data is write cycle. The. implementation may include fuhc- 
then available at the UOq-z bus for external use. tional units such as memory array, data-in and data-out 

During the write cycle, die adt fress is similarly made buffers, intemal data bus, address decoder, sense ampli- 
available in two installments. The RAS signa l, as before, fiers, clock generators, multiplexor and denmitiplexors. 
will latch in the row address and the CAS signal will 60 The invention provides a higher bandwidth over con-, 
latch in the column address. The data to be wri tten is ventional schemes, without increasiag the bitrwidth of 
required at the data-in buffer 33. When the WE signal the external data-bus. 
goes low, the data-in buifcr is latched into the data lO ^^^^ t^^^^-.^^™*^^^ . 
b»s » which is m turn, latched into the memory array ^RIEF DESCRIPTION OF THE DRAWINGS 
32 for storage. 65 The invention will now be more specifically de- 

The conventional scheme shown in FIG. 4 afgamies scribed with reference in particular to a preferred em- 
the use of dynamic random access memory (DRAM) bodiment thereof generally illustrated in the drawings 
components, so that an intemal refresh clock 23 and an as foliows: 
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FIG. 1 illustrates a prefared embodiment of the in- buffers I6a and I6b. The mux/demux rndt 15 can be 

vention in a schematic block diagram, alternatively selected to provide at data in/out buffer 14 

FIG. 2 further Hlostrates the mechanism of the data 4-bit datum of buffer 16b <ml>ble 1> and <nibble 2> 

mux/demux units, as shown in the embodiment of FIG, datum of buffer Ida 

1- 5 From the beginn ing o f the read cycle at the falling 

FIG. 3 illustrates the timing scheme of the signals aige 301 of signal RAS and until after a propagation 

used in the preferred embodiment shown in FIG. L delay specific to the memory array 13, the mux/demux 

FIG. 4 illustrates a conventional monoiy organiza- unit 15 is set to select < nibble 1> at buffer 16b, so that 

tion scheme in prior art the 4-bit latch within the data in/out buffer 14 may latch 

DETAILED DESCRIPTION OF THE — external data bus I/O0-3 when signal 

PREFERRED EMBODIMENT Soes from high to low momentarily along falling 

- ^ ^ ^. ^ , , . edge 303. Signal CAS returns to the high logic state 

A preferred embodmient of the N-word wnte access after signal OE returns to the high logic state at 305. 

memory is iliustratol m detail with reference to the ^he <nibble 1> data m buffer 16b is latched 

accompanying drawings. ^5 ^^to the external data bus I/Oo-3 at time point 304 in 

In order to highhght the advantage of the current ^ ^ 3^3 ^ ^ internally 

mvention over the pnor art, the preferred embodiment ^ mux/demux, alsoinresponse to falling 

wm beiUusU-atedby an exampk 3^3 mux/demux miit 15 to 

width over tiie pnor art example lUustrat^ m FIG. 4 ^^^^ <nibble 2> data in buffer 16a, making it avail- 

b^jismg substantially the same amount of component 20 ^^^^ ^^^^ j^^^^ ^^^^ ^^J^^ ^, 

ReSig to FIGS. 1 and 2. the memory array 13 is Jf^fJ ^'t^Tr^^^fn ^"^^^ 

organi2edbtoaii256xl28x8array.Ascanbeseenby <S?L+l><iata onto the exter^ 

thL skilled in the art, this organLtion will provide , Throu^out the read cycle, WE remains high All 

the same amount of storage, andus^the same number 25 quiescent condition at the end of the 

of memory cells as the 256x256x4 array used in the ^^^^^^^^^''^f ^P"^ 

prior art example illustrated in FIG. 4. C^ and WI are logic state high. 

The timing diagrams in FIG. 3 show the signal proto- ^ f^?^ ^ 

col of the preferred embodiment for the read and write ^^fif mstaUments.. 

cycles; 30 The wnte cycle is imtiated by fallmg edge 313 of 

during the read cycle, the falling edge 301 of signal . ^ 

RAS indicates the latching of the row address which is initially durmg the wnte cycle, the mux/demux unit 
ready at the address buffer 7 at this time. The multi- 15 is set to select the <nibble 1> data lines (buffer 16*) 
plexer 8 is also at the same time set to select the content internal data I/ O bus 10. So that at the falling 
of the address buffer 7 to be latched mto the row ad- 35 ^^e 310 of the signal RAS, the data on the external 
dress decoder 9. After a suitable delay, the falling edge ^^0-^ is latched onto the 4-bit <nibble 1> buffer 
302 of signal CAS indicates that the column address is 2) ^f the internal data I/O bus 10. At the same 
ready to be latched at the address buffer 7, During this the row address Aa-7 is latched into the row ad- 
time, the multiplexor 8 remains selecting the address ^^ess decoder 9 in the same manner as described in the 

buffer 7, so that after a suiteble delay, the column ad- 40 ^ead cycle. 

di-ess may be latched into the column address decoder The falling edge 310 of the signal RAS triggers a 
11. Together, the row and column addresses select an transition 312. in an internally generated signal data- 
8-bit word in this embodiment This 8-bit word corre- input-enable, which goes from logic state low to logic 
sponds to a concatenation of two successive 4-bit words ^^^e high. Data-input-enable returns to logic state low 
as accessed by two memory read operations under the 45 .^^ ^e point 314 after a predetermined period designed 
prior art scheme illustrated in FIG. 4. The data I/O bus to t)e shorter than the i nterv al b etwee n the falling edges 
10 in the current mvention is an 8-bit bus, having twice of signals RAS and CAS respectively. This 
the data capacity of the corresponding 4-bit data I/O transition of data-input-enable at time 314 triggers inter- 
bus 29 in the prior art scheme. This data I/O bus 10 ^ signal mux/demux to make a rising edge 315 transi-r 
holds the data for selection by the mux/demux unit 15. 50 ^on which enables the mux/d«nux unit 15 to select. 
The first 4 bits on I/O bus 10 are designated <nibble . <nibblc 2> data of bu ffer 16a. 
1>, the next 4 bits are designated <mT)ble 2>. When Ji^st before the CAS signal goes ft-om high to low at 
the output signals in the sense amplifier 12 settie, this falling edge 311, the column address is made available at 
8-bit word is latohed into the read/write buffer ampli- address buffer 7 and another A^brt datum is made avail- 
fier 16 (FIG. 2). 55 able on the external I/Oo-3 bus. Recalling that the 
The internal structure of the data I/O bus 10 and the mux/demux unit 15 is set to select the < nibble 2> data 
mux/demux 15 is amplified in FIG. 2. The data I/O bus lines (buffer 16a) of the internal data I/O bus 10, whOe . 
10 provides read/write buffer amplifier 16 to amplify holding the previous data on <nibble 1> li nes in buffer 
the stored data in memory array 13. to logic signal 16^. The falling edge 311 of signal CAS latches the 
strengths for transferring to the data in/out buffers 14 60 colunm address into the column address decoder 11 as 
and vice versa. (Note: the data, in buffers 14 and the previously described, and the 4-bit datum on the exter- 
data-out buffers 14' are physically separate, shown here nal I/O0-3 bus is latohed onto the <m*bble 2> data lines 
as data in/out in FIG. 2 buffers to snnplify discussion. (buffer 16g) of the internal data I/O bus 10. 
Whether the data-in or data-out buffers are implcr When WE goes, from logic state high to logic state 
mented separately or as a structure having bidirectional 65 low at falling edge 316 of signal WE, ^e 8-bit datum 
ports is a design choice and is immaterial to the present formed by concatenation of the two 4-bit data on the 
invention. ) This amplifier 16 also acts as a lateh during <nibble 1 > and <nibble 2> data lines (buffers 16^ and 
read/write operations. Amplifier 16 consists of two 16a respectively) in the internal data I/O bus 10 is 
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Strobed into the memory location specified in the row 
and column address decoders (9, 11 respectively), 

Throu^out the write cycle» signal 0£ remains high. 
All signals return to quiescent condition at the end of 
the cycle. 

Hence, an S-bit datum is written into memory during 
the same dock cyde in two 4-bit mstallments. 

Thus* it will be seen that according to the current 
invention, the bandwidth per dock cycle is effectivdy 
doubled for both read and write operations. 

The foregoing description will suggest to those 
skilled m the art many modifications within the scope of 
this invention. Therefore, it is not intended that the 
breadth of the invention be limited to the single embodi- 
ment illustrated and described in detail. 

I claim: 

1. A memory, comprising: 

a read/write access memory array having a plurality 
of memory words each accessed using a row ad- 
dress and a column address; 

means for receiving said row and column addresses 
from an address bus; 

means for reodving and outputting data onto a data 
bus; and 


means for receiving first, second, third and fourth 25 comprising: 


a multiplexer/demultq>lexer unit for providing, dur- 
ing a write operation, the first datum to the first 
half of the memory word specified by the row and 
column addresses and the second datum to the 
second half of the memory word; and for provid- 
ing, during a read operation, the first half of the 
memory word specified by the row and colunm 
addresses as the first output datum, and the second 
half of the memory word as the second output 

3. A memory, as redted in daim 1, further compris- 
ing a read/write buffer amplifier unit wherein data m 
the memory array is an^Ufied to a signal strength suit- 
able for output to the eictemal data bus, and data read 
from the external data bus is an^lified to a signal 
strength suitable for storage. 

4. A memory, as redted in cliaim 1, wherein the mem- 
ory array is implemented by dynamic random access 
memory (DRAM), and further comprising means for 

20 refreshing the dynamic random access memory. 

5. A memory, as redted in claim 1, wherein the mem- 
ory array is implemented by static random access mem- 
ory (SRAM). 

6. A memory capable of read and write accesses, 


10 


15 


2. 
ing: 


control signals, such that: 
the first control signal causes the means for recdving 
said row and colimm addresses to recdve the row 
address, and the means for recdving and output- 
ting data to recdve a first datum from the data bus 30 
simultaneously, 
the second control signal causes the means for recdv- 
ing said row and column addresses to receive the 
colunm address and the means for recdving and 
outputting data to recdve a second datum from the 35 
data bus simultaneously; 
and, ® if the third control signal is received, the first 
and second data are written respectivdy into first 
and second halves of a memory word spedfied by 
the row and column addresses; Qi) if the fourth 40 
signal is recdved, a first half of a memory word 
specified by the row and column addresses is out- 
put as a first output datum onto the data bus, and 
thereafter, a second half of the memory word spec- 
ified by the row and column addresses is output as 45 
a second output datum onto the data bus. 
A memory, as redted in claim 1, further comprisr 


a plurality of memory locations each addressable 

using a row address and a column address; 
means for recdving sdd row address; 
means for recdving said column address 
means for receiving data, said means for receiving 
data receiving, during said write access, © a first 
datum simultaneously with said row address, and 
(ii) a second datum simultaneously with said col- 
umn address; and 
means for forming a memory word by concatenating 
said first and second data and for writing into said 
memory said memory word at the memory loca- 
tion spedfied by said row and column addresses 
recdved. 

7. A memory as in claim 6, wherein sdd means for 
recdving data comprises: 

first and second data buffers; and 
multiplexer for dteroativdy selecting said first and 
second data buffers. 

8. A memory as in claim ^ wherein sdd memory 
further comprises row address and column address 
decoders. 
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